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We investigate the 35-plet baryons from the chiral soliton models. We find that the coupling
constant for the decay of 35-plet baryons with spin 3/2 to the decuplet baryons is surprisingly
small, but that for the decay to 27-plet baryons with spin 3/2 is larger. We give all the masses
and widths of 35-plet baryons with spin 5/2 and suggest candidates for all nonexotic members from
the available particle listings. We also focus on ∆5/2 and Θ2, which are the lightest two baryons
of 35-plet with spin 5/2 and with simplest minimal pentaquark configurations. Calculations show
that Γ∆5/2 <380 MeV, compared with the results from SU(2) Skyrme Model (Γ∆5/2 >800 MeV),
and ΓΘ2 < 100 MeV if we assume that their widths are dominated by two-body decay and that Θ
+
has a width ΓΘ+ < 25 MeV.
PACS numbers: 12.39.Mk; 12.39.Dc; 12.40.Yx; 13.30.Eg
I. INTRODUCTION
Chiral soliton models, based on chiral symmetry and
large Nc limit QCD, has played a crucial role in the
observations [1, 2, 3, 4, 5, 6] of an exotic baryon
with a narrow width and a positive strangeness num-
ber S=+1, a possible candidate for Θ+ with minimal
pentaquark configuration |uudds〉 [7], which is the light-
est member of the antidecuplet, predicted from chiral
soliton models (Skyrme model and chiral quark-soliton
model) [8, 9, 10, 11, 12, 13, 14]. In chiral soliton mod-
els, the generalization of SU(2) collective quantization
to the SU(3) case, taken into considerations the chiral
symmetry breaking terms, can indeed give the experi-
mentally agreeable mass splitting between the octet and
the decuplet baryons [15, 16]. The antidecuplet with spin
1/2, pointed out by Manohar [8] and Chemtob [9], is the
third baryon multiplet, besides the octet and the decu-
plet, which we have been familiar with for a long time.
By identifying N(1710) as a known member, Diakonov,
Petrov, and Polyakov [12] calculated both the masses and
the widths of the antidecuplet baryons from chiral soli-
ton models, among which the lightest member Θ+ was
predicted to have a mass 1530 MeV and a narrow width
ΓΘ+ < 30 MeV [17], which agree surprisingly with ex-
perimental results.
Based on the large Nc analysis, the mass difference be-
tween the antidecuplet and the octet in the SU(3) chiral
symmetry limit is of O(1), which seems to invalidate the
collective quantization and the spurious prediction of Θ+
from chiral soliton models [18]. However, by introduc-
∗Corresponding author; Electronic address: mabq@phy.pku.edu.cn
ing “exoticness” (X), the minimal number of additional
quark-antiquark pairs needed to construct a multiplet on
top of the usual Nc quarks, Diakonov and Petrov [19]
showed that the collective quantization description fails
only when the exoticness becomes comparable to Nc and
that in the case of the antidecuplet the exoticness is 1,
which is in favor of the collective quantization. Moreover,
under large Nc limit, the width of Θ
+ is 1/Nc suppressed
with respect to ∆ [20], which explains why Θ+ has so
narrow a width compared with other ordinary baryons
from the point of view of chiral soliton models.
In chiral soliton models, the allowed baryon multiplets
are those satisfying I = J for hypercharge Y = 1 baryons.
Under such a constraint, the baryon multiplets with ex-
oticness=1, besides the antidecuplet with spin 1/2, are
27-plets with spin 3/2 and 1/2 and 35-plets with spin 5/2
and 3/2, which, in the quark language, are of the min-
imal five-quark configuration, i.e., so-called pentaquark
states. In Refs. [21, 22, 23, 24, 25, 26], the properties
of those baryons were also discussed, and in Ref. [22] it
has been found surprisingly that all the nonexotic mem-
bers of the 27-plet with spin 3/2 can be identified from
the available baryon listings [27], agreeable with experi-
ments both in mass and width.
Because J = 52 is comparable with Nc = 3, in the
SU(2) Skyrme model, the higher-spin baryons (I = J ≥
5/2) have so large angular velocities that strong pi radi-
ation will cause them to possess a width Γ > 800 MeV,
dropping out of baryon mass spectra [28]. However, in
the SU(3) case, the rotation is distributed among more
axes in the flavor space, which causes the individual an-
gular velocity to be smaller and, therefore, baryons with
spin 5/2 will be expected to have a narrower width, but a
higher mass. For large Nc, since mesons (qq) and baryons
(qqq) are colorless, baryons are constituted of at least Nc
2quarks. For specific exoticness X , if we assume physical
baryon multiplets (p, q) satisfying I = J will maintain X
and J for arbitrarily large Nc, we can choose
(p, q) =
(
p,
Nc + 3X − p
2
)
, (1)
with p remains the same as the case of Nc = 3, and [19]
Jmax =
1
6
(4p+ 2q −Nc). (2)
Such a choice enable us to obtain the 35-plets with spin
5/2 and 3/2 (4, Nc−12 ) in the large Nc limits, as well as
the octet (1, Nc−12 ), the decuplet (3,
Nc−3
2 ) [29], the an-
tidecuplet (0, Nc+32 ) and the 27-plets (2,
Nc+1
2 ) [18, 19].
And in the large Nc limit, we have
E35 − E10 −→ 0. (3)
Therefore the application of the chiral soliton models to
the 35-plet with spin 5/2 is also valid if it is the case for
the antidecuplet as argued in Ref. [19].
In this paper, we calculate the masses and the widths
of baryons in the 35-plets from chiral soliton models,
which are the last ones to be possibly associated with
pentaquark states in the quark language. We also dis-
cuss ∆5/2 and Θ2 (or Θ
∗∗) with spin 5/2 in details, which
are the lightest two members with simplest minimal pen-
taquark configurations in the 35-plets. Our propose is
to give some experimentally testable results about the
35-plets from chiral soliton models. This paper is orga-
nized as follows. In Sec. II, we briefly review the SU(3)
chiral soliton models. And we give all the masses and
the widths of the 35-plet baryons in Sec. III. In Sec. IV,
we calculate the widths of ∆5/2 and Θ2 up to linear or-
der of ms and 1/Nc. And we present our conclusion in
Sec. V. We list in Appendix the Clebsch-Gordan coeffi-
cients involved with the products of the SU(3) irreducible
representations 8(1,1) and 35(4,1).
II. THE SU(3) CHIRAL SOLITON MODELS
In the SU(3) chiral soliton models, the classical soliton,
which describes baryons, are of the form [15]
U1(x) =
 exp [i(r̂ · τ)F (r)] 00
0 0 1
 , (4)
where F (r) is the spherical-symmetric profile of the soli-
ton, τ are the three Pauli matrices, and r̂ is the unit
vector in space. And pseudoscalar fields can be written
in collective coordinate as
U(x) = exp
[
i
λbφb(x)
fpi
]
= A(t)U1(x)A(t)
−1, A ∈ SU(3),
(5)
and after quantizing on the collective coordinate A, we
get the SU(3) chiral symmetry Hamiltonian [15]
H0 = Mcl +
1
2I1
3∑
a=1
RaRa +
1
2I2
7∑
b=4
RbRb, (6)
where Ra are the angular momentums conjugate to the
angular velocities ωa, defined by A†∂0A = i 12ω
aλa, B is
the baryon number and R8 =
NcB
2
√
3
. And the correspond-
ing mass spectra of baryon multiplets are
E
(p,q)
J = Mcl +
1
6I2
[
p2 + q2 + pq + 3(p+ q)− 14 (NcB)2
]
+
(
1
2I1
− 12I2
)
J(J + 1),
(7)
where (p, q) denotes an irreducible representation of the
SU(3) group,Mcl, I1 and I2 are given by integrating out
the classical soliton, treated model-independently and
fixed by experimental data, Mcl is the classical soliton
mass, I1 and I2 are moments of inertia.
The states of the system will correspond to the baryon
states, and wave function Ψ
(µ)
νν′ of baryon B in the collec-
tive coordinates is of the form
Ψ
(µ)
νν′(A) =
√
dim(µ)D
(µ)
νν′(A), (8)
where (µ) denotes an irreducible representation of the
SU(3) group; ν and ν′ denote (Y, I, I3) and (1, J,−J3)
quantum numbers collectively; Y is the hypercharge of
B; I and I3 are the isospin and its third component
of B respectively; J3 is the third component of spin J ;
D
(µ)
νν′(A) are SU(3) Wigner D-functions. Due to the non-
zero strange quark mass, the symmetry breaking Hamil-
tonian is [30]
H ′ = αD(8)88 + βY +
γ√
3
3∑
i=1
D
(8)
8i J
i, (9)
where the coefficients α, β, γ are proportional to the
strange quark mass and model dependent; D
(8)
ma(A) is the
adjoint representation of the SU(3) group and defined as:
D(8)ma(A) =
1
2
Tr(A†λmAλa). (10)
By introducing symmetry breaking term we can calculate
the mass splitting between baryons of the same baryon
multiplets and the physical wave functions. Yabu and
Ando [31] proposed a new method to treat the symme-
try breaking exactly. However, in this paper, we treat the
symmetry breaking term by perturbation theory, and in
the case of the octet and the decuplet, it can give exper-
imentally agreeable results [12, 16].
In soliton models, pseudoscalar Yukawa coupling for
the process B → B′m can be obtained by Goldberger-
Treiman relation, which relates the relevant coupling con-
stant to the axial charge [32, 33]. And up to 1/Nc order,
3TABLE I: The masses (GeV) of baryons in the 35-plets
Y I 〈B|H ′|B〉 Predicted Mass Candidate I(JP ) PDG
35-plet J = 5/2a
∆ 1 3
2
− 1
8
α+ β − 7
16
γ 1.96 ∆(1905) 3
2
( 5
2
+
) 1.87 to 1.92
Σ 0 1 − 3
16
α− 7
96
γ 2.08 Σ(2070) 1( 5
2
+
) ≈ 2.07
Ξ -1 1
2
− 1
4
α− β + 7
24
γ 2.20 Ξ(2250) 1
2
(??) ≈ 2.25
Ω -2 0 − 5
16
α− 2β + 21
32
γ 2.32 Ω(2250)− 0(??) 2.252 ± 0.009
Θ2 2 2 −
1
16
α+ 2β − 77
96
γ) 1.84 ? ?(??) ?
∆5/2 1
5
2
11
32
α+ β − 49
192
γ 1.68 ? ?(??) ?
Σ2 0 2
3
16
α+ 7
96
γ 1.86 ? ?(??) ?
Ξ3/2 -1
3
2
1
32
α− β + 77
192
γ 2.04 ? ?(??) ?
Ω1 -2 1 −
1
8
α− 2β + 35
48
γ 2.21 ? ?(??) ?
Φ -3 1
2
− 9
32
α− 3β + 203
192
γ 2.39 ? ?(??) ?
35-plet J = 3/2
∆ 1 3
2
3
16
α+ β + 1
32
γ 2.45 ? ?(??) ?
Σ 0 1 1
8
α+ 3
16
γ 2.53 ? ?(??) ?
Ξ -1 1
2
1
16
α− β + 11
32
γ 2.62 ? ?(??) ?
Ω -2 0 −2β + 1
2
γ 2.70 ? ?(??) ?
Θ2 2 2
1
4
α+ 2β − 1
8
γ) 2.37 ? ?(??) ?
∆5/2 1
5
2
− 1
8
α+ β − 7
16
γ 2.57 ? ?(??) ?
Σ2 0 2
3
16
α+ 7
96
γ 2.63 ? ?(??) ?
Ξ3/2 -1
3
2
− 1
8
α− β + 1
16
γ 2.69 ? ?(??) ?
Ω1 -2 1 −
1
8
α− 2β + 5
16
γ 2.75 ? ?(??) ?
Φ -3 1
2
− 1
8
α− 3β + 9
16
γ 2.81 ? ?(??) ?
aalready calculated in Ref. 24.
the coupling operator in the space of the collective coor-
dinates A has the form [12, 33]:
ĝ
(m)
A = G0D
(8)
m3 −G1d3abD(8)maJb −
G2√
3
D
(8)
m8J3, (11)
where diab is the SU(3) symmetric tensor, a, b = 4, 5, 6, 7,
and Ja = −Ra. G1, G2 are dimensionless constants, 1/Nc
suppressed relative to G0. And the width formula can be
obtained by [12, 23]
Γ(B → B′m) = 3g
2
BB′m
4pimB
|p|
[
(m2B′ + p
2)
1
2 −mB′
]
, (12)
where g2BB′m can be calculated from g
(m)
A [12, 23].
III. THE 35-PLET FROM CHIRAL SOLITON
MODELS
In the 35-plet, there are I = 5/2 and I = 3/2 baryons
with Y = 1, from which we know there are two 35-plets
with J = 5/2 and J = 3/2 respectively. We suggest the
minimal quark configurations of the 35-plets in Fig. 1,
and the mass splittings are list in Table I. To fix the
parameters model-independently, we choose the second
group of data in Refs. [22, 22], which are consistent with
the reported narrow Ξ−pi− baryon resonance with mass
of 1.862± 0.003 GeV and width below the detector res-
olution of about 0.018 GeV [34]
α = −663 MeV, β = −12 MeV, γ = 185 MeV,
1/I1 = 154 MeV, 1/I2 = 399 MeV, Mcl = 798 MeV.
(13)
Due to the symmetry breaking Hamiltonian (9), the
physical baryon wave functions will mix with those be-
longing to other baryon multiplets but with the same spin
and isospin. For the decuplet and the 35-plet baryons,
4FIG. 1: The quark content of the 35-plet baryons.
by first perturbation, we have∣∣∣B(10)〉 = |B; 10〉+ a27 ∣∣∣B; 27 3
2
〉
+ a35
∣∣∣B; 35 3
2
〉
(14)∣∣∣B(35)5
2
〉
=
∣∣∣B; 35 5
2
〉
+ b28 |B; 28〉
+ b64
∣∣∣B; 64 5
2
〉
+ b81
∣∣∣B; 81 5
2
〉
, (15)∣∣∣B(35)3
2
〉
=
∣∣∣B; 35 3
2
〉
+ c10 |B; 10〉+ c27
∣∣∣B; 27 3
2
〉
+ c64
∣∣∣B; 64 3
2
〉
+ c81
∣∣∣B; 81 3
2
〉
, (16)
and the coefficients above are given simply by pertur-
bation theory. To calculate the widths of the 35-plet
baryons, we first calculate the coupling constant g2BB′m
from ĝ
(m)
A . From (11), we have
ĝ
(m)
A = G0D
(8)
m3 +
√
2
4
G1
(
D(8)mnR6+7i +D
(8)
mΞ0R6−7i
− D(8)mpR4+5i +D(8)mΞ−R4−5i
)
− G2√
3
D
(8)
m8J3, (17)
where D
(8)
mB(8)
=
〈
B(8)|D(8)|m〉 and Ra±bi ≡ Ra ± iRb.
Trivial algebra will give us
〈
B; 35 5
2
|ĝ(m)A |B′; 10
〉
= G35 5
2
10
〈
B; 35 5
2
|D(8)m3|B′; 10
〉
,(18)〈
B; 35 5
2
|ĝ(m)A |B′; 27
〉
= G35 5
2
27
〈
B; 35 5
2
|D(8)m3|B′; 27
〉
,(19)〈
B; 35 3
2
|ĝ(m)A |B′; 10
〉
= G35 3
2
10
〈
B; 35 3
2
|D(8)m3|B′; 10
〉
,(20)〈
B; 35 3
2
|ĝ(m)A |B′; 27
〉
= G35 3
2
27
〈
B; 35 3
2
|D(8)m3|B′; 27
〉
,(21)
with
G35 5
2
10 = G0, G35 5
2
27 = G0 +G1
G35 3
2
10 = G0 − 5
2
G1 +
5
2
G2,
G35 3
2
27 = G0 − 1
14
G1 +
15
14
G2.
Compared with the coupling constant for the decay of an-
tidecuplet baryons G10 = G0−G1−1/2G2 and the possi-
ble narrow width of Θ+, the width of the 35-plet baryons
with spin 3/2 will be surprisingly suppressed since in chi-
ral quark-soliton model the ration G1/G0 ranges from
0.4 to 0.6 [33]. Similarly for the decay of 27-plet baryons
with spin 1/2 to the octet, the coupling is also small
G27 = G0 − 2G1 + 32G2 [26]. And in this paper, we
will focus only on the 35-plet with spin 5/2. Under the
chiral SU(3) symmetry, we have the following width for-
mula [22]
Γ(B → B′m) = G
2
s
4pi
|p|
mB
[
(m2B′ + p
2)
1
2 −mB′
]{
dim(µ′)
dim(µ)
∣∣∣∣ ∑
γ
(
8 µ′
YmIm YρIρ
∣∣∣∣ µγYνIν
)(
8 µ′
01 1Jρ
∣∣∣∣ µγ1Jν
) ∣∣∣∣2
}
, (22)
where we postulate B with (Y, I, I3; J
P ,−J3) =
(Yν , Iν , Iν3; J
+
ν ,−Jν3), B′ with (Y, I, I3; JP ,−J3) =
(Yρ, Iρ, Iρ3; J
+
ρ ,−Jρ3) and m with (Y, I, I3; JP ,−J3) =
(Ym, Im, Im3; 0
−, 0); and G2s = 3.84G
2
35. Using this for-
mula, and provided that the width of Θ+ ΓΘ+ < 25MeV,
we calculate the upper bounds of widths for decay of the
35-plet baryons with spin 5/2 to the decuplet baryons,
listed in Table II. From the masses, I(JP ) and widths, we
suggest candidates for all nonexotic members of the 35-
plet with spin 5/2 from the available particle listings [27].
For ∆, Σ and Ξ, it is interesting to see that our calcu-
lation, though not as good as those 27-plet nonexotic
5TABLE II: The widths (MeV) of baryons in the 35-plet with spin 5/2
35-plet baryons modes width ≤calculation total width PDG data
∆ ∆pi 42
∆η 63 135 280 to 400
Σ∗K 30
Σ Σ∗pi 44
Σ∗η 65 161 (300± 30)/906/(140 ± 20)b
Ξ∗K 9
∆K 43
Ξ Ξ∗pi 27
Ξ∗η 49 112 (46± 27)/(< 30)/(130 ± 80)b
ΩK 1
Σ∗K 35
Ω Ωpi 29 175 55± 18
Ξ∗K 146
Θ2 ∆K 93 93 ?
∆5/2 Σpi 206 206 ?
Σ2 Σ
∗pi 154 154 ?
∆K 30 30
Ξ3/2 Ξ
∗pi 108 176 ?
Σ∗K 68
Ω1 ΩK 180 180 ?
bData from different Collaborations, and PDG provided no esti-
mations.
candidates [22], are still consistent with experimental re-
sults, but the Ω candidate is not so ideal. Therefore, we
may suggest that Ξ(2250), as a member of the 35-plet, is
with the quantum numbers I(JP )= 12 (
5
2
+
).
IV. DISCUSSION OF ∆5/2 AND Θ2
From Table I, we can see that ∆5/2 are the lightest
baryons, and among them, there are ∆−−5/2 and ∆
+++
5/2 ,
which, in the quark language, are with the simplest min-
imal pentaquark configurations |ddddu〉 and
∣∣uuuud〉 re-
spectively [7]. And in the 35-plets, Θ2 states with isospin
2, the excitations of Θ+, include those baryons with min-
imal pentaquark configurations |dddds〉 and |uuuus〉. In
Sec. III, we only give the width of 35-plet baryons by
the simplification of chiral SU(3) symmetry, and we will
calculate the widths of ∆5/2 and Θ2 up to linear order of
ms and 1/Nc below.
From (9), the physical baryon states are of the form
by first-order approximation
|∆〉 = |∆; 10〉+ C(∆)27 |∆; 27〉+ C(∆)35
∣∣∣∆; 35 3
2
〉
,
|∆∗〉 =
∣∣∣∆∗; 27 3
2
〉
+ C∆
∗
10 |∆; 10〉+ C∆
∗
35
∣∣∣∆; 35 3
2
〉
+ C∆
∗
35
∣∣∣∆; 35 3
2
〉
+ C∆
∗
64
∣∣∣∆; 64 3
2
〉
,
|Θ∗〉 =
∣∣∣Θ∗; 27 3
2
〉
+ C
(Θ∗)
35
∣∣∣Θ∗; 35(Θ∗)3
2
〉
+ C
(Θ∗)
64
∣∣∣Θ∗; 64 3
2
〉
, |Θ2〉 =
∣∣∣Θ2; 35 5
2
〉
+ C
(Θ2)
64
∣∣∣Θ2; 64 5
2
〉
+ C
(Θ2)
81
∣∣∣Θ2; 81 5
2
〉
,∣∣∆5/2〉 = ∣∣∣∆5/2; 35 5
2
〉
+ C
(∆5/2)
28
∣∣∆5/2; 28〉+ C(∆5/2)64 ∣∣∣∆5/2; 64 52〉+ C(∆5/2)81 ∣∣∣∆5/2; 81 52〉 ,
6with
C
(∆)
27 = −
√
30
16
(
α+
5
6
γ
)
I2, C
(∆)
35 = −
5
√
14
336
(
α− 1
2
γ
)
I2, C
(∆∗)
10 =
√
30
16
(
α+
5
6
γ
)
I2,
C
(∆∗)
35
= −
√
105
70
(
α+
5
6
γ
)
I2, C
(∆∗)
35 = −
√
105
224
(
α− 7
6
γ
)
I2, C
(∆∗)
64 = −
5
√
3
196
(
α− 1
6
γ
)
I2,
C
(Θ∗)
35
= −3
√
35
140
(
α+
5
6
γ
)
I2, C
(Θ∗)
64 = −
3
√
10
196
(
α− 1
6
γ
)
I2, C
(Θ2)
64 = −
√
35
30
(
α+
7
6
γ
)
I2,
C
(Θ2)
81 = −
7
√
15
960
(
α− 1
2
γ
)
I2, C
(∆5/2)
28 = −
√
5
48
(
α− 7
6
γ
)
I2, C
(∆5/2)
64 = −
√
35
30
(
α+
7
6
γ
)
I2,
C
(∆5/2)
81 = −
7
√
35
1920
(
α− 1
2
γ
)
I2.
Substituting the parameters (13) into these coefficients, we have
C27 = 0.44, C35 = 0.09, C
(∆∗)
10 = −0.44, C(∆
∗)
35
= 0.19, C
(∆∗)
35 = 0.10, C
(∆∗)
64 = 0.08,
C
(Θ∗)
35
= 0.16, C
(Θ∗)
64 = 0.08, C
(Θ2)
64 = 0.22, C
(Θ2)
81 = 0.05, C
(∆5/2)
28 = 0.10, C
(∆5/2)
64 = 0.22, C
(∆5/2)
81 = 0.04.
By the general width formula [12, 23], for the decay of ∆5/2 and Θ2 to the octet baryons, we have
Γ(Θ2 → ∆K) = g0 G
2
0
14pimΘ2
|p|
[
(m2∆ + p
2)
1
2 −m∆
](
1−
√
30
5
C
(∆)
27
)
< 65 MeV, (23)
Γ(∆5/2 → ∆pi) = g0
G20
14pim∆5/2
|p|
[
(m2∆ + p
2)
1
2 −m∆
](
1 +
√
30
5
C
(∆)
27 +
√
14
10
C
(∆)
35
)
< 380 MeV,
and, also, to the 27-plet baryon Θ∗ [22, 23]
Γ(Θ2 → Θ∗pi) = g0 3(G0 +G1)
2
70pimΘ2
|p|
[
(m2∆ + p
2)
1
2 −m∆
](
1 +
√
10
20
G0
G0 +G1
C
(Θ∗)
64 +
√
35
4
G0
G0 +G1
C
(Θ2)
64
)
< 35 MeV, (24)
and other processes are prohibited by the conservations of energy and momentum and the numeric values are estimated
provided that ΓΘ+ < 25 MeV.
V. SUMMARY AND CONCLUSIONS
The baryon 35-plets with spin 5/2 and 3/2 are the last
two SU(3) multiples with exoticness X = 1, which may
be associated with so-called pentaquark states. And we
give all the masses of the 35-plet baryons (Table I), and
to estimate their widths, we also calculate the coupling
constants by Goldberger-Treiman relation. We find that
35-plet with spin 3/2 have a even more narrow coupling
constant for the decay of those baryons to the decuplet
baryons than the antidecuplet, while that for the process
involved with the 27-plet baryons with 3/2 are relatively
large. In contrast, the coupling constants for the 35-plet
with spin 5/2 are larger than that of the antidecuplet,
which enable those baryons to possess a much broader
width than that of the antidecuplet baryons, as listed in
Table II.
To give experimentally testable results further, we cal-
culate the widths of ∆5/2 and Θ2 up to linear order ofms
and 1/Nc. ∆5/2, in the quark language, may be the sim-
plest pentaquark states of pentaquark configuration only
involving u and d quarks [7] and there are ∆+++5/2 (uuuud)
and ∆−−5/2(ddddu) in these isospin multiplet. And due
to the conservation of energy and momentum, the decay
of ∆5/2 to the 27-plet baryons are prohibited. Therefore,
those baryons can only be revealed by the decay processes
involving the decuplet baryons
∆+++5/2 −→ ∆++pi+,
∆−−5/2 −→ ∆−pi−.
According to the calculation in Sec. IV, we estimate
Γ∆5/2 <380 MeV if we choose ΓΘ+ < 25 MeV and as-
sume that the width are dominated by two-body decay.
The Θ2 states, including Θ
+++
2 (uuuus), Θ
++
2 (uuuds),
7Θ+2 (uudds), Θ
0
2(uddds), and Θ
−
2 (dddds), can decay to
the decuplet baryons and the 27-plet baryons with spin
3/2, i.e.,
Θ2 → ∆K,
Θ2 → Θ∗pi. (25)
and the total width ΓΘ2 < 100 MeV on the assumption
of ΓΘ+ < 25 MeV and dominance of two-body decay.
In summary, as argued by Diakonov,and Petrov [19],
chiral soliton models are valid in the predictions about
the exotic baryon mulitplets when the exoticness is small
comparable with Nc. And among the baryon multiplets
with exoticness=1, such as the antidecuplet, 35-plets
with spin 5/2 and 3/2 are the last (most weighted) two
baryon multiplets from the chiral soliton models which
may be described by pentaquark states in quark lan-
guage. And in this paper we investigate the 35-plet
baryons and suggest all nonexotic members with spin
5/2 from the available particle listings. We focus on the
baryons with spin 5/2, especially ∆5/2 and Θ2, which
are of simplest pentaquark configurations and find that
∆5/2 have a width much less than the prediction from
the SU(2) Skyrme Model, which is physically testable.
These two baryons both have a typical width of strong
decay, and the search of them are also of great signifi-
cance to test the validity of application of chiral soliton
models to these so-called exotic baryon multiplets in the
eyes of the quark model.
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APPENDIX: The Clebsch-Gordan Coefficients for
the product of 35(4, 2)⊗ 8(1, 1)
In this paper, we use frequently the Clebsch-Gordan
Coefficients for the product of the SU(3) irreducible rep-
resentations 35(4, 2)⊗ 8(1, 1), which decomposes as
35 (4, 2)⊗ 8(1, 1) = 10(3, 0)⊕ 28(6, 0)⊕ 27(2, 2)
⊕ 35(1)(4, 1)⊕ 35(2)(4, 1)⊕ 64(3, 3)⊕ 81(5, 2). (26)
To be convenient, we define
µ
(λ)
(ν) =
∑
ν1,ν2
(
µ1 µ2 µ
ν1 ν2 ν
)
µ1(ν1)µ2(ν2), (27)
where µλ(ν) denote the eigenstates of the representation µ
contained in the direct sum of µ1 and µ2, whose eigen-
states are µ1(ν1) and µ2(ν2) respectively, λ is used to dis-
tinguish identical but independent representations which
are all contained in µ1 ⊗ µ2, ν,ν1 and ν2 denote quan-
tum number (Y II3) collectively, and
(
µ1 µ2 µ
ν1 ν2 ν
)
are
the SU(3) Clebsch-Gordan coefficients. We define [35]
I± = F1 ± iF2, (28)
K± = F4 ± iF5, (29)
L± = F6 ± iF7, (30)
where Fa are the generators of the SU(3) group. Follow-
ing the conventions used in Ref. [35], we choose all the
coefficients of any states given by the action of I± and
K± on any eigenstates of F3 and F8 are nonnegative and
give the follow decomposition
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And others can be obtain by the action of I± and K± on given decomposition and the action rules on µ
(λ)
(ν) are as
follows
Oµ(λ)(ν) =
∑
ν1,ν2
(
µ1 µ2 µ
ν1 ν2 ν
)[(Oµ1(ν1))µ2(ν2) + µ1(ν1) (Oµ2(ν2))] , (31)
where O denotes any one operator in (28)-(30).
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